A pair of Mond-Weir type multi-objective higher order symmetric dual programs over arbitrary cones is formulated. Weak, strong and converse duality theorems are established under higher order K -F -convexity assumptions. Our results generalize several known results in the literature.
In this paper, we introduce a pair of nondifferentiable multi-objective Mond-Weir type higher order symmetric dual programs over arbitrary cones, where every component of the objective function contains a term involving the support function. We establish weak, strong and converse duality theorems under K -F -convexity assumptions. Our results extend the results of Chen [7] to a more general class of functions over arbitrary cones.
Notation and preliminaries
Let R n denote n-dimensional Euclidean space and R n + be its non-negative orthant. Let C 1 and C 2 be closed convex cones in R n and R m respectively, with nonempty interiors. For a real-valued twice differentiable function g(x, y) defined on an open set in R n × R m , denote by ∇ x g(x,ȳ) the gradient vector of g with respect to x at (x,ȳ), ∇ xx g(x,ȳ) the Hessian matrix with respect to x at (x,ȳ). Similarly, ∇ y g(x,ȳ), ∇ xy g(x,ȳ) and ∇ yy g(x,ȳ) are also defined.
Let K be a pointed convex cone with non empty interior in R k . Then, for y, z ∈ R k , we define three cone orders with respect to K as follows:
Definition 2.1. A set C of R n is called a cone, if for each x ∈ C and λ ∈ R, λ 0, we have λx ∈ C . Moreover, if C is convex, then it is a convex cone.
Definition 2.2. The positive polar cone C * of a cone C is defined by
We consider the following multi-objective programming problem: 
For simplicity, we denote F (x, u; a) = F x,u (a).
k is said to be higher order K -F -convex in the first variable at u ∈ S 1 for fixed v ∈ S 2 with respect to h, such that for
k is said to be higher order K -F -pseudoconvex in the first variable at u ∈ S 1 for fixed v ∈ S 2 with respect to h, such that for
Remark 2.1. (i) If K = R + , Definitions 2.5 and 2.6 reduce to that of higher order F -convex and higher order F -pseudoconvex functions in Chen [7] .
. . . , k, then the Definition 2.5 becomes the K -F -convex function given in Gulati and Mehndiratta [14] .
Definition 2.7. Let S be a compact convex set in R n . The support function of S is defined by
A support function, being convex and everywhere finite, has a subdifferential, that is, there exists z ∈ R n such that s(y|S)
The subdifferential of s(x|S) is given by
For any set S ⊂ R n , the normal cone to S at a point x ∈ S is defined by
It is obvious that for a compact convex set S, y ∈ N S (x) if and only if s(y|S) = x T y, or equivalently, x ∈ ∂s(y|S).
Higher order symmetric duality
Now, we consider the following pair of nondifferentiable multi-objective higher order symmetric dual programs:
where 
(MD) become the problems considered by Hou and Yang [15] .
(ii) If K = R k + , then (MP) and (MD) become the problems considered by Chen [7] . 
Proof. Suppose contrary to the result that
By the higher order K -F -convexity of f i (., v) + (.) T w i at u with respect to g i (u, v, r i ), we have
As λ ∈ int K * , we have
0 (by dual constraints (6)).
Similarly,
Combining (10), (11) and using the facts that x
which contradicts (9) . This completes the proof. 
then the same conclusion of Theorem 3.1 also holds. Proof. Since (x,ȳ,λ,z 1 ,z 2 , . . . ,z k ,p 1 ,p 2 , . . . ,p k ) is an efficient solution to (MP). Hence, by Fritz John optimality condition [16] , there exist α ∈ K * , β ∈ C 2 and µ
Theorem 3.2 (Strong Duality
Inequality (14) is equivalent to
From hypothesis (II) and (15), we havē
Now let α j = 0 for some j.
The relations (13) , (22) and (23) give
which on using hypothesis (IV) yields
. . , k, therefore (24) implies µ = 0 and thus from (22), we get β = 0, which is a contradiction to (α, β, µ) = 0. Hence, α i = 0, for all i. Since α ∈ K and K * ⊆ R k + , therefore,
By the hypothesis (V), we havep i = 0, i = 1, 2, . . . , k. From (22),p i = 0, i = 1, 2, . . . , k, the condition (I) andλ > 0, (12) and (13) Takingw i = ξ i , i = 1, 2, . . . , k, then (x,ȳ,w 1 ,w 2 , . . . ,w k ,r 1 =r 2 = · · · =r k = 0) satisfies (5)- (8) , that is, it is a feasible solution to (MD)λ. From (18), β = µȳ and α > 0, we have for i = 1, 2, . . . , k, y ∈ N E i (z i ).
